Abstract: This paper shows that imaging and analysis of morphological features of the surface of modern structured abrasives in the pre-machining state can be carried out by means of electron microscopy supported by image processing and analysis techniques. The acquisition of SEM micrographs for active surfaces of the four (A6, A30, A65, A160 grades) monolayer abrasive discs 237AA (3M) with Trizact™ abrasive grains was carried out by the use of Quanta 200 Mark II (FEI Company) high-resolution scanning electron microscope. Visual analysis allowed for the observation of abrasive grains mainly in terms of the occurrence on their surface of various defects resulting from the technology of their production. For a parametric analysis, the authors used the Fiji 1.51s software (J. Schindelin et al.) which, in turn, made it possible to determine the values of the basic geometrical parameters characterizing the abrasive grains in the selected area of the active surface of assessed abrasive tool. The observation and measurement instruments used in the experimental studies described in this work and the proposed methodology may present an interesting alternative approach to the assessment of the surface morphology of advanced structured abrasives.
INTRODUCTION
In many modern construction solutions, it is extremely beneficial to use elements with surfaces characterised by a much higher requirements regarding their exploitational or utility features. Obtaining such features often involves the use in surface finishing process of other types of abrasive tools than commonly used grinding wheels. One of the types of such tools are, among others, flexible tools in the form of monolayer abrasive discs with a modern Trizact™ abrasive coating [1, 2] . Using of innovative Trizact™ abrasive grains is a completely new approach to the grinding process, both in terms of the specific geometry of the tool used and the method of its production. In the 1960s, the 3M (Maplewood, MN, USA) developed the so-called replication process, which became the basis of modern technology of producing characteristic 3D (structured) surfaces of abrasive grains.
These structured surfaces were defined by Evans and Bryan in the work [3] as those where the surface structure is a design feature intended to give a specific functional performance. For the Trizact™ (pyramidlike) abrasive grains, this technology is called microreplication as shown by Fletcher et al. in the work [4] . For the structures of a different shape (bricklike) and slightly larger geometrical dimensions, this process is called macroreplication. The evolution of abrasive materials, from conventional to structured ones, using the above mentioned micro-and macroreplication processes are presented in Fig. 1 .
The Trizact™ abrasive grains are produced in the form of tetragonal pyramids with a square or rectangular base (with a variable apex angle from a range between 60° and 90°) from a set of elementary aluminium oxide [5] [6] [7] . As a result, abrasive agglomerates are formed, from which homogeneous active surfaces of the abrasive tools characterized by precisely defined stereometry are produced. The possibility to choose the abrasive material and to control the size of individual abrasive agglomerates allows the production of tools with strictly defined cutting properties, allowing to increase the predictability of material removal efficiency and to obtain a high quality surface finish.
The Trizact™ abrasive grains production technology makes them characterized by a specific mechanism of its wear during work. This mechanism, presented by Zaborski and Pszczołowski in the work [7] , consists in the even uncovering of successive layers of elementary particles of the agglomerate (that are not involved in the process), after they have been chipped off from the previous layer until to its base, which is schematically presented in Fig. 2a 
EXPERIMENTAL STUDIES

The main goals of the studies
The works were divided into two phases. In Phase I, the authors focused on observation and visual analysis of the abrasive tool active surface, where the mainly a various types of defects of abrasive grains (i.e. those being the remainder of the production process of Triazact™) were sought after. A visual analysis in this phase of the experimental works has been extended to include parametric analysis carried out in next phase (Phase II). The main goal of this analysis was to determine the space configuration and the values of the basic geometrical parameters characterizing the abrasive grains in the selected area of the active surface of the assessed abrasive tool.
Characteristic of the sample
A set of four abrasive discs in the pre-machining state with an external diameter of d = 75 mm, with the Trizact™ abrasive grains were selected for the experimental studies. Their general characteristics are given in Table 2 . 1) due to the unique construction of Trizact™ abrasive tools, the producer has developed an original grading system. Grade is defined by the average particle size given in µm, and begins with an A, 2) grain size determined by the Federation of European Producers of Abrasives (FEPA)
Observation-measurement instrument
An assessment of the active surface of abrasive tools is generally difficult and it does not always bring the expected results. The obtained results are not always reliable, which makes it difficult or even impossible to correctly interpret them. The use of conventional contact (stylus) measurement techniques [21] in this case is limited, in principle, to non-contact methods, whereby optical and electron methods (such as, e. g. focus-variation microscopy [22] , confocal laser scanning microscopy [23] and scanning electron microscopy [24] ) play a significant role.
During the experimental studies, an advanced scanning electron microscope Quanta 200 Mark II produced by FEI Company (Hillsboro, OR, USA) was used. The general characteristic of this instrument was given in Table 3 , a general view in Fig. 3 
RESULTS AND DISCUSSION
Visual analysis of the SEM micrographs
In Phase I of the carried out experiments, which focused on an observation and a visual analysis of the abrasive tool active surface, generally magnifications from 50× to 1000× were used. The observations of the selected areas of the active surface of the abrasive tool, containing usually several or a dozen of abrasive grains, were carried out at magnifications 50×-100×, whereas the details of the morphology of single abrasive grains were observed at magnifications from 300×-500×. In special cases (details of the technological defects), magnification up to a max.1000× was used. Representative examples of the selected SEM micrographs presenting Trizact™ abrasive grains with and without visible technological defects are given in Fig. 4 . The properly produced single abrasive grains are shown in Fig. 4a . Side walls of the pyramids are smooth with locally occurring fine impurities. The pyramid's cone is bevelled, which does not affect the efficiency of machining. A different defect is presented in Fig. 4b . During the forming of the abrasive grain, air bubbles accumulate on its side walls. The released air leaves cavities visible on the shown SEM micrographs. Cavities can occur singly or in groups, even in relatively large areas of side walls surfaces of the Trizact™ abrasive grains. The average values of the selected geometrical parameters determined for one of such groups (Fig. 4b -B ) are as follows: An = 0.12 mm 2 , P = 0.03 mm, l = 0.01 mm, w = 0.007 mm, F min. = 0.007 mm, F max. = 0.01 mm). A single small abrasive agglomerate sometimes can also occur on the side walls. Such a situation is presented in Fig. 4c . The average values of the geometrical parameters of an example group of such agglomerates (Fig. 4c -B Other defects in a form of dented side walls and worn edges of the side walls are shown in Fig. 4d . The above mentioned defects may occur on the surface of wall grains in various combinations (i.e. on the grains there may be defects of one type or their combination). Nevertheless, the described defects do not have any significant impact on the efficiency of the machining process, and their occurrence is caused by the specific process of producing the abrasive tool. 
Parametric analysis of the SEM micrographs
After making the general characteristics of the morphology of Trizact ™ abrasive grains (observation and comparison of various sizes grains and an analysis of defects occurring on their surfaces (Fig. 4) ), the Phase II of experimental studies was started. This phase included a parametric analysis related to the determination of the basic geometrical parameters of abrasive grains located on the active surface of a given sample (abrasive disc). Visual presentations of this phase of experimental studies are presented in Fig. 5  and 6 .
On each of the surface of the samples (Fig. 6a ) twenty areas were marked (size: 2.0×2.0 mm, located evenly on the circumference of the abrasive tool) for which SEM micrographs were acquired. The acquisition process was realized for all the surfaces with the same parameters (magnification: 100×, accelerating voltage: 15 kV, sig-nal: LFD) by the use of a scanning electron microscope Quanta 200 Mark II produced by FEI Company. The processing of the obtained SEM micrographs and a geo-metrical analysis of the contained therein abrasive grains was carried out with Fiji 1.51s software (Fig. 6b) .
The obtained results of the above-mentioned process for selected areas are presented in Fig. 5 . A set of results for abrasive grains A6 (3M) / P2000 (FEPA) is given in Fig. 5a . At the analyzed field of view (FOV) (Area 11) twenty grains are located, wherein twelve of them are complete. These grains are represent by two types: − A (form: rectangle, size: 0.43×0.65 mm configuration: vertical), − B (form: square, size: 0.43×0.43 mm, configuration: horizontal). Although A-type abrasive grains are larger, there are fewer of them (four), than B-type grains (eight) in the analyzed area. The same types of grains in the same configurations and geometrical dimensions are on the active surface of the A6 (3M) / P2000 (FEPA) sample in analysed Area 6 (Fig. 5b) . Four types of abrasive grains can be observed on the active surfaces of the abrasive discs -A65 (3M) / P280 (FEPA) and A160 (3M) / P120 (FEPA). The following grain types can be represented on the first of these discs, in the analyzed Area 18 (Fig. 5c The total number of abrasive grains observed in the FOV is sixteen, wherein twelve of them are complete. Individual grain types occur in the following number: A-type grains: three, B-type grains: six, C-type grains: one and D-type grains: two. The most interesting of the observed active surface is the one containing A160 (3M) / P120 (FEPA) abrasive grains. There are only nine of them in the FOV, of which only four are complete. These grains (Fig. 5d) An example of SEM micrographs acquired for selected areas of active surface of the abrasive discs with given abrasive grains and values of its basic geometrical parameters is presented in Fig. 5 . It has been extended by the values of other geometrical parameters calculated for all of the analysed areas and given in an averaged form. This set of parameters included: An, P, F min. , F max. , w, l and Ar. The obtained results are given in Fig. 6c and they are substantially at a similar level to the values shown in Fig. 5 . The aspect ratio given in Fig. 6c , which is defined as the quotient of the length and width of the measured abrasive grain, indicates a large dimensional diversity of the analyzed abrasive grains, and hence their different shape -square (1:1) and rectangle (1:1.1-1:1.6). These differences, for all the analyzed grain types, are shown graphically in Fig. 6d . The geometrical dimensions also determine other parameters, such as the surface area An and the perimeter P. The values of the first parameter are in the range from 67.90 (A6 (3M) / P2000 (FEPA)) to 353.29 mm 2 (A160 (3M) / P120 (FEPA)), while the second from 1.77 to 4.05 mm, which give an increase of more than five and more than two times for the listed above abrasive grains, respectively.
CONCLUSIONS
On the basis of the imaging and analysis of the morphology of the Trizact™ advanced structured abrasives by the use of SEM technique presented in this paper, the following detailed conclusions can be drawn: 1. Produced by the use of microreplication technology a Trizact™ abrasive grains are characterized by a different morphology than conventional abrasive grains. Their structure is regular (in the form of tetragonal pyramids with a square or rectangular base) same as their arrangement on the surface of the abrasive tool (Fig. 2 ).
2. The specific production technology results in the occurring various, typical for this abrasive grains class, defects -dented side walls and worn edges of the side walls, etc. (Fig. 4) . Despite their occurrence, they do not have a significant influence on the course and efficiency of the machining process realized by the abrasive tool. 3. Depending on the grade (Tab. 2), Trizact™ abrasive grains have different geometric dimensions, form (square, rectangle) and they are located in different configurations (horizontal and vertical) on active surface of the given abrasive tool (Fig.  5) . The number of a full grains observed in FOV (2.0×2.0 mm for all the analyzed SEM micrographs) decreases with increasing grade from 12 (A6 (3M) / P2000 (FEPA)) to 4 (A160 (3M) / P120 (FEPA)). 4. An extremely useful observation technique in the issues related with assessment of the morphology of Trizact™ abrasive grains is SEM microscopy. This technique allows an observation of grain surfaces in a wide range of magnifications (in the work the magnification in a range from 50× to 1000× was used) depending on the expected effects -general analysis of active surface of the given abrasive tool, an analysis of the morphology details of individual abrasive grains. 5. An important aspect of the carried out experimental studies was the extension of the SEM observation by acquisition (realized by advanced scanning electron microscope Quanta 200 Mark II produced by FEI Company) and then the processing and parametric analysis of the SEM micrographs presenting the active surfaces of the abrasive tools. The tasks related to the image analysis are usually carried out by specialized computer software. In this work, a noncommercial Java-based ImageJ 1.51s software was successfully used (Fig. 6b ). 6. The authors intend to continue work from this area in the future, including an assessment of Trizact abrasive grains morphology after the machining process, in particular conventional and nonconventional materials made of metals and their alloys. 
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